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TRAG OF A WING-BODY CONFINURATION CONSISTING OF A SWEPT <FORWARD
PAPERED WING MOUNTED ON A BODY OF FINENESS RATIO 12
MEASURCD IARING FREZ FALL AT TRANSONIC £TPEEDS

By Jim Rogers Thompson and Charlss W. Mathews
SUMMARY

t"he arag of a configuration consisting of a body of fineness
ratio 12 vith stebilizing tail surfaces ard & 12 -percent-thick, 30°
sweph-forvard wing having en aspect ratio of I and a taper ratio
of 2:1 h~s been measureC &b transonic speeds by the free-fall method.
The totel drag end ike drag of the wing were msasured separately.
These moasurements, which were made as part of the NACA ropearch
prograem to determine optimum aerodynamic shapes and configurations
for use in the trausonic snd supersonlc vslosity ranges, show that
the dvag of tae ccuplete configuration rose almost linearly from Q.07
of atmospheric pressure per unit of frontal area &t & Machk nruber
of 0.60 to 0.30 of asospheric pressure at 2 Mach nvmber of 1.02.
whe drcg cf the wing rose similerly from 0.G47 of atmosgheric
preasurc per it frensal crea at a Mach numbexr of 0.91 t>» 0.30
at 0.98 =nd then increased more slowly to 0.34 cf etwosperic pressure
at a Mach mumber of 1.02.

The prosonce of the swept-forward wing resulted in a .arge
unfavorshble interference effect on the drag of the body-tall
ccmbination. These parts experionced aliwost twico the drag measured
in previous tests of an jdentical body-tall combination without wings.

INTRODUCTION

rhe TIACL 18 testing a series of wing-tody configuwrations hr the
free-fall mothod (refercnces 1 and £) to investigate the transcmic
drag chexacteristics of possible elrplane srrangertints nAVIDg
difreent -oubinotione of wing s430p, tapsr, and thicknogs. To meke
the sxperimertal data avaeilable as soon ab resaibls, the Lesuits of
each Sest avrs beivng rublished as scon &8 ther have becn crelvetad.
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2 L NACA M No. L6L2k

The present paper raporhs resulis cbtained for cas of tho
geriss; & configaretion coneisting of a 30° gwept -forward wing
mounted on & Bo&yY of fineness rasio 12 whnae transonic drag
characteristice were ¥nown from previous teats. .

The results obtained from this test are presented as curves
ghowing the varistion of dreg cosfficient wi.th Mach numver for the
complete configuration and for 1ts component parts. e results
ers comperod with thoss for an identical body without wings reported
11 reference 3 and for rectangular and swepbt-back airfoils mounted
on a cylindzicael body reported in refercuces £ and L,

APPARATUS AND METHOD

Test body.- Ths general arrvengsment of the test configuratlcon
48 shown by the photographs (figs. 1 and 2), and 1ts detalls and
dimensions by the dzawing (fig. 3} The body end tall were jdentical
with the configuration of fineness ratio 12 whose tests wera
reported in reference 3. The wing had a sweepforward of 300 R
renagured at the guarter -chord line, and NACHs 65-012 asections perpen-
dicular to this line. 1The taper ratioc was 2.1 and the aspect ratio,
tased on the wing Bres includirg that gubmerged within the body,
vas 1.0. The wing enterad the boiy behind the maximum dlamoter

through rectsnguier slots 2—3 by ‘2&1‘{; inches end was attacued to a

spring ralsoce within the hody. Clese slote were filled by smail
wondan blocke mounted on the wing roots and shaped to preserve thae
body contour. Clearances of about —31'51nch were provided 8o that the
end plates 4id mnob rib ageinst ths sides of the slois ns the wing
palance deflected under drag load.

Measurements. - Measuremant of the desived quantities wes
accampliished as in the previous tests (references 1 and 2) through
use of the WACSA radilo telemetering aystem and radar and photo~
+heodolite ecuipment. The Pollowing guantitloes wer® rccorded at
two aeparate geovnd stations by tre telumeter ing syatem:

L. The force exsried on the boly by the wing o8 measu>2d by &
spring belsnace B o

2. e total wetarcation of tie ccmplete configuriti-n &3
4

m.esared Ty a senwsitive accoalorameter alined with the
lorgitudiral axis of the boly '

p—
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3. The totel pressure at sn orifice located et the nose of the
test body as messured by an aneroid cell

A time history of the position of the body with respect to ’
ground azes during 1ts fall was recorded by radar and phototheodolite
equipment, and a survey of stmospheric condltions applying to the
test was cobtained from synchronized records of atmospheric pressure,
temperature, and gecmetric altitude during the descent of the
airplane from which the test body was dropped. The direction and
velocity of the horizontal component of the wind in the range of
altitude for which data are presented were obtained from radar and
phototheodolite recordis of the path of the ascension of a free
belloon. .

Reduction of data.- As in the previous teats, the velocity of
ths body with respect to the ground, hereinafter referred to as
ground veloclty, during its fall was obtained both by differentistion
of the f£light path determined by radar asnd photothecdclite equipment
and vy integration of tThe vector sums of gravitional accelesration
and the directed retardation measured by the longitudinal acceler~
ocometer. The true airspeed was chtained by vectorially adding the
ground veloclty and the horizontal wind veloclty measured at the
appropriate altitude.

The total drag was obtained by miltiplying the retardation &g

(in g units) by the weight of the configuration. The wing drag Dw
was obtained from the relatlaon

Dw =R + Wﬁ 8,

where
R measured reactlon between wing and body, pounds
W, welght of wing assembly suppcrted on spring balences, pounds

The drag of the body-~tall combinsticn was obteined by subtracting
the drag of the wing from the total

The atmospheric pressure p, the temperature T, and the
eppropriate frcatel area F vwere combined with simultaneous values

of true airspeed and drag to obtain D ratlos for the complete
sonfiguration and its componsnt parts and the Mach number M.
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Velues of conventional drag coefficient besed on frontal
arse CDF were obtained from the relaticn

%%ﬂ
c =
Dp Z P

where the ratic of specific heats » was teken as 1.k. Wing drag
coofficients based cn plen area CD were obtalned by nultliplying

CDF by the ratic of wing frontel area (projected from the line of

maximum thickness) to plan ares. Areas used dld not include thoese
enclosed by the bedy.

Mach number was alsc obiained from the total-pressure
measurenent by use of the relation

[0
f_,m .

where H 18 the measuved total pressure and the other symbols are
as previously defined. This expregsion deoces not include a correction
for the loss in total pressure through the normal shock wave which
would appear in front of the orifice at supersonic speeds, as at the
low supersonic speeds attained by this test body the correction would
be negligible.

REZULTS AND DISCUSSION

A time history of important quantitles obtained in the present
test 1s presented as figure k.

The ground veloclty obtained for the test body from the acceler-
ometer Gata is shown on figure 4 as a dashed line. The test body
was tracked by the radar anl phototheodolits equipment during the
entire drop; however, due to relatively poor visibility conditlions
and rough tracking the theodolite photographe, whick normally allow
the data to bLe currected for smaell tracking crrcrs, were obtained
only for about 6 seconds near the end of the drop. The ground
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velocity computed from the radsr and phototheocdolite date during this
period is shown by the test points. The data from the two different
sources agree and the accelerometer data, corrected to true alrapeed
by use of the wind data, were used to compute the Mach number.

Both this Mach number and the Mach number determined from total-
pressure msasurements are plotted on the time history. They &iffer
by a maximum of *0.02, which is within the sxpected limit of accuracy
of the pressure measurement. The Mach mumber determined from the
true alrspesd dats wes used in the remainder of this paper and is
believed accurate within +0.01.

The results of the tests are summarized on figure 5 where curves

are pressnted which show the variations obtalned for -ﬁ%— and GDF

for the complete configuration, for the wing, and for the body and
tail. The wing dreg coefficlent Cp 1s alsc presented on this

Tigurse.

As the spring balance with which the wing drag force was
measured must withstand the high drag forces occurring at supersonic
Mach nuwbers and high static pressures (low altitudes), it is
necessarily relatively insensitlve to the small drags occurring at
subcritical Mach numbers at low static pressures (high altitudes).
The drag perameters are therefore less accurate at the lowest Mach
numbers for which date are presented than et the highest speeds
attained. At M = 0.85 the — data of figure 5 are believed
accurate within %0.008, +0.006, and #0.02 for the complete configu-
ration, the wing, and the body and tail, respectively. Corresponding
values at M = 1.02 are 10.00k, +0.003, and *0.01. The CDF

and CD values aye somewhat less accurate due to the lntroduction

of the Mach mumber values into the computetion, the uncertainty
in C, for the wing being about 10.001 from M = 0.85 to M = 1.02.

In an effort to cbtain the drag data as accurately as possible,
the maximum balance deflection was chosen to correspond closely to
maximum drag estimated from availsble information. The actual wing
drags obtained were considerably larger than estimated and as a
result full balance deflection occurred at M = 1.02 at an altitude
of 12,600 feet. (See fig. 4.) No significant data were lost, however,
as the high drag of the test configuration prevented it from atisining
& Mach number greater than 1.03.

Figure 5 shows that for the complete configuration the drag rose
almost linearly from 0.07 of atmospheric pressure per unit frontal
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area at = 0.9 to 0.30 of atmospheric pressure at M = 1.02. The
wing drag rose similarly from O.047 of atmospheric pressure per unit
frontal aree st M = 0.91 +to 0.30 at M = 0.98 and then increesed
more slawly to 0.34% of atmospheric pressure at M = 1.02. The drag
of the body eand 'tail, which was determined by subtracting the wing

" drag from the total drag roge. linsarly from 0.08 of atmoepheric
..pressure at M= 0.85 to;0.16 'at M ='0.975, then increaced abruptly
.to 0.25 of atmospheric Pressure at M = 1.01L. Considerable
unsteadinass was present in the dvag values at Mach numbers

between 0.90 and 1.00. - This unsteadiness is believed due to diaturbed
flow canditlons at the wing-body Juncture.

Tho drag results obtajned for the swept- farward wing and results
of previous tests of rectangular plen form and: 45° swept-back plan-
form airfoils moutdted on cylindrical test bodies are comvared in
figure 6. -The airfoil section normal to the quarter ~chord lins, the
- sweep angle, the aspect ratio, and the reference from which the data
were taken ere given in the figure. The drag rise measuved in +he
pregent tests for the 300 swept ‘forward, 12-percent-thick airfoil
of aspect ratio 4 and taper ratio 2:1 agrees closely with the drag
rise for the unswept 9-percent-thick airfoll of aspect ratio 5.1
("eference 2) o

The resulta of previous tests preaented in figure 6 1illustrate
the effects of thickness and ‘aspect ratio for rectangular plan-form
airfoils and the effect of 45° sweepback for &n untapered airfoil.
Theose recults are not directly couparable with the rouvlts of thke
‘present test, however, because tlese airfolls were untay~red, were
of 4ifrersnt thicsness, and ‘were mounted on long Sylini.ical bodies
viiich they entered. through qpen rectanguler slote. -Considcration of
the flow about -the body shows that in the present test a portion of
the wihg near the root was:'in & reglon of increased velc:ity dus to
the curvature of the flnemess ratio 12 body. The drag of this portion
of the wing would therefore begin to rise at a lower free-stream
Mach nurber than.the drag of an identical wing mounted on a long
cylinirical body where the excoss velocltles arse negligible For
configurations similsr to that. tested, the dreg o & tapered wing
would texd to rise more sbruptly thsn the drag of an. untapered wing
=ince a larger part of the wing area would be locate& in the region of
a“p:eciable exceas ve¢oc1ties .

The drag of the body-tell corbination, obtained by subtracting
the drag of the wing from the measured total dveg, 1s corparod ia
figure 7 with the dreg of an identical body-taill combinaion tested
without wings (refersnce 3). This compariscon shows a lorge wifavor-
able interference effect, the drag of the body-tail cambination
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being almost doubled due to the presence of the wing. DFPresumably
this large, rather unsteady interference dreg results from disturbed
flow conditions at the wing-fuselags Juncture.

CONCLUSIONS

The drag of a configuration conglsting of a body of fineness
ratio 12 with stabilizing tell surfaces and a 30° awept-forward wing
has been measured st transonic speeds by the free-fall method. The
total drag and the drag of the wing were measured seperately. The
drag of the complete configuration rose almost llnearly from 0.07
of atmospheric pressure per unit frontal area at a Mach number
of 0.90 to 0.30 of atmospheric pressure at a Mach number of 1.02.
The drag of the wing rose eimilerly from 0.047 of atmospheric pressure
per unit frontal area at a Mach number of 0.91 to 0.30 at 0.98 and
then increased more slowly to Q. 3k of atmospheric pressure &t a
Mach number of 1.02.

The presence of the sweph-forward wing resulted 1n a large
unfavorable interference effect on the drag of the body-teil
combination; these parts experienced almost twlice the drag measured
in previous tests of an identical body-tall combination without
wings.

Langley Memorisl Aeronautical Laboratory
National Advisory Commlttes for Asronautlcs
Langley Field, Va.
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Figure 1.- Three-guarter front view of test configuration.
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Top rear view of test configuration.

NATIONAL ADVISORY GOMMITTEE FOR AERORAUTICS
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